Interview

Beardsley: Is there a need for biologists to articulate a research and education agenda for the coming decade?
Collins: Without a doubt. There's a real challenge for this decade, which is clearly the decade of biology. We need to have a very clear sense of, not so much the integration between a research agenda and an education agenda, but what an integrated agenda should look like.You could say that learning is a creative process by which new knowledge is discovered. So the research and the education become one of a piece; the educational part becomes the challenge of getting students to think creatively and to think in a critical inquiry way. That essentially becomes research, and they are becoming researchers in the context of becoming educated.
So yes, I think there is a need, and given the sheer number of discoveries that are being made in the biological sciences, it behooves every citizen to have a much deeper understanding of the process of science.
Beardsley: Yet biology teaching is being thwarted, to some extent, by creationists.
Will NSF be taking active steps to combat creationism, in schools and possibly other places? Do you have thoughts on how you might do that through public educationfor example, by developing a unified plan for all the biological sciences?
Collins: At NSF we have, of course, a whole directorate devoted to education, and we're interested in science education within biology. To the extent that things are not scientific, then we would not be interested in supporting them. We're certainly interested in getting a much fuller picture out in front of the public of what counts as science. Collins: I am not going to speak to whether NSF should be supporting that particular activity. Should we support sampling marine microorganisms? Sure, as long as the community takes a look at it through the peer review process and decides that, yes, that's the best way to be investing our resources in order to maximize returns from the funds that you have. In the larger scheme of things, there's room for a variety of different approaches to doing good science. One is the way in which Craig Venter is doing it, and one would hope that it's going to complement and enhance the way other kinds of individuals are doing it. I don't think we want to make the assumption that there's only one way to do science. Collins: Yes, I think it's working well, and we continue in our evaluations, such as with the committee of visitors that comes in to evaluate NSF programs. Increasingly there's more attention on the part of the reviewers to the criterion 2 requirement. Criterion 2 has to be some combination of education and outreach. In the best of worlds it's going to come back to the first question you asked, which has to do with the integration of education and research. Really what we're striving for here is a seamlessness of the research and educational components, to get those wrapped together. Collins: Sure. As far as a PI is concerned, there's the standard approach of involving graduate students in the research, and involving undergraduates in the research. But then there's a possibility of going beyond that, to involving students in K-12 educational situations, and to improving the access of groups traditionally underrepresented in the sciences. That can also be part of criterion 2: including the representation of institutions that are not represented to the degree that we would like. That could involve minority-serving institutions, it could include community colleges, and it could involve small private colleges. To the degree that PIs can take their research program and begin to involve these other groups and also participate in outreach activities, they're satisfying the criterion 2 requirement.
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Beardsley: Do you foresee any changes in the way that's done-will criterion 2 be operating in more or less the same way two years from now?
Collins: I think it will be operating in an improved way. PIs are coming to what I think is a clearer understanding of what criterion 2 is all about. But secondly, they are increasingly creative in the ways in which they attempt to address it.
The key here is that we're funding some of the best researchers in the world when it comes to scientific discovery. There's every reason in the world to think that those individuals who have a creative approach to doing an experiment at the bench or in the field can also devise creative approaches to involving people other than the researchers themselves.
Beardsley: On the subject of underrepresented groups, are there any special initiatives planned? Every time I go to a biology conference I find myself thinking, "This is not a diverse group."
Collins: There's no doubt we have to increase representation of groups traditionally underrepresented within biology. We have a range of programs here within biology that include undergraduate mentoring. Environmental biology is a big one. There are graduate students contributing to K-12 teaching staffs, for example. These are efforts supported by NSF.
We have a new initiative out now for which we just had the very first competition. It's for funding investigators from minority-serving institutions. And going back to your last question, about what we are doing to help PIs understand criterion 2, we're running a series of workshops for investigators from minority institutions.
At those workshops, investigators and NSF program officers come and build teams. I was at one just a week ago in Baltimore. Investigators bring summaries of their proposed research, the abstract. That has criterion 1 and criterion 2 in it. Everybody sits around the table, and the program officers are there, working with these individuals, saying it looks like this could work, maybe you need to think about this, why did you say this in this particular way. They're very hands-on events. Collins: At some point you're going to be involving the larger research community. And that's exactly what is happening in this regard. We're hearing from the ecological community, for example, that NEON is a way to go. We've heard from plant researchers that plant genome research is a way to go. And so we have gotten behind those particular initiatives. When it comes to other initiatives, we depend upon workshops, and we depend on the community, to help us be aware where the growing points are in the biological sciences. We will work to try to understand where the leading examples of research are, and bring each to a fine point. Then we will make those seminal investments that will, at their very best, be transforming, in some sense. That would be the goal-find those key inflection points where, although we don't have an infinite amount of money to invest, we can really begin to transform the science. In the long run, we need to support understanding biodiversity at a descriptive level-what the diversity is that's out there. But then we also need understanding at a process level. What are the consequences of extinction in terms of communities and ecosystems, and at the landscape level? These are key elements of the program.
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So sure, we need to support that kind of infrastructure as far as research is concerned. And we need to send a very clear message to the wider biological community that biodiversity is a very interesting issue, and an important one that deserves attention and support within the university infrastructure.
The breadth and diversity in biology is something that is critical for young people to understand. Faculty members should know that youngsters have to come to appreciate how diverse this world is and how valuable it is to help them understand that.
Beardsley: Are there ways that you can imagine that this community could make that case more effectively?
Collins: Well, I think the museum community, through informal education programs supported by NSF, is always trying to do that. They are bringing to the attention of the larger public what the value of biodiversity is and why we need to defend it.
Beardsley: What are your thoughts about the effectiveness of biologists as compared to other scientists-are biologists making a good case for their discipline?
Collins: I think biologists are learning to make their case. In terms of where we are now, we have made terrific strides in understanding biological problems. In many respects the best is yet to come. I think biology will record, along with other sciences and the social sciences, that some of the most significant advances are probably going to be at the intersection of biology with these other areas of research.
And so I think the key here is an integrative approach. In lots of ways, the key to doing science especially productively is to look at the intersection of biology and the social sciences, the intersection of biology and physics, the intersection of biology and mathematics, biology and the geological sciences, biology and education, biology and engineering, biology and the humanities. The point is to see where those intersections are and make the case for biology along with these other disciplines. Collins: A big part of my agenda will be what I mentioned in my answer to your last questions: fostering an integration between biology and some of these other areas of research. We really need to push forward on the edges, in some of these interdisciplinary areas: biology and society, biology and the social sciences, biology and mathematics, biology and the physical sciences. The key is funding the very best science and the very best scientists. That along with broadening access.
Beardsley: Any more comments for BioScience readers?
Collins: Just that I am incredibly honored to be here and humbled and gratified that Dr. Bement [NSF director Arden Bement] should choose me to lead biology for the foundation. I'll do the very best I can to advance the biological sciences while I'm here.
